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Sunday, February 8, 2015 147ahydrolysis and Ca2þ transport is not well understood. Using solid-state nuclear
magnetic resonance spectroscopy and functional assays, we investigated the
differences in the interaction of phosphorylated SLN with SERCA compared
to non-phosphorylated SLN with SERCA. Previous work in our lab demon-
strates that the topology of SLN in complex with SERCA changes depending
on SERCA’s conformation. As such, continuing work involves mapping the
structural changes of phosphorylated SLN with the various conformations of
SERCA. Overall, gaining a better understanding of how SERCA is regulated
will add in the development of therapies for diseases resulting from improper
calcium cycling.
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We developed a high-precision high-throughput live-cell assay to screen for
small molecules that activate the non-muscle sarco/endo-plasmic reticulum
calcium ATPase (SERCA2b) using a ‘‘2-color’’ SERCA2b biosensor and
a fluorescence-lifetime plate reader (FLT-PR). The 2-color SERCA2b
(h2CS2b) biosensor was derived from a human pancreatic SERCA isoform,
in which red fluorescent protein (mRuby2) was fused to the N terminus and
green fluorescent protein (Clover) to an interior loop. A HEK cell line
expressing the h2CS2b biosensors maintained stable expression level of the
biosensors for several tens of passages, ideal for large scale HTS campaigns.
This biosensor, upon binding of SERCA2b effectors, translates the minute
SERCA structural rearrangements into small changes of intramolecular
FRET that can only be reliably detected using fluorescence lifetime (FLT).
The h2CS2b biosensor provided dose-dependent FRET changes in response
to SERCA inhibitors such as thapsigargin, CPA, and BHQ, and SERCA
activators previously discovered in this lab. Two instruments developed by
Fluorescence Innovations were crucial for this work: a FLT plate reader,
which provides a 30-fold increase of precision compared to conventional
intensity-based instruments, and a high-speed fluorescence-spectra plate
reader, which was used to filter out artifacts due to compound fluorescence.
We screened a commercial chemical library of 50000 compounds and
identified 94 compounds that significantly affect 2-color SERCA fluorescence
lifetime. Functional assays are underway to evaluate the biochemical
properties of these small molecules, and their potential for therapeutic appli-
cation in diabetes and heart failure. This type of assay is being applied to
several other drug targets, with promising results. This work was funded
by NIH grants to DDT (R01 GM27906, P30 AR0507220), and to GDG
(STTR,5R41DA037622-02).
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To characterize the conformational dynamics of sarcoplasmic reticulum (SR)
calcium pump (SERCA) we performed molecular dynamics simulations begin-
ning with several different high-resolution structures. We quantified differ-
ences in structural disorder and dynamics for an open E1 conformation of
SERCA (pdb: 1SU4) versus closed E2 structures (pdb: 2ZBD, 1WPG), and
observed that dynamic motions of SERCA cytoplasmic domains increased
with domain-domain separation distance. The results are useful for interpreta-
tion of recent intramolecular Fo¨rster resonance energy transfer (FRET) distance
constraints obtained for SERCA fused to fluorescent protein tags. Those previ-
ous physical measurements quantified the population of discrete structural sub-
states and revealed that open conformations of SERCA are more dynamically
disordered than compact conformations. The present simulations support this
hypothesis and provide additional details of SERCA structural dynamics. Spe-
cifically, all-atoms simulations revealed large scale translational and rotational
motions of the SERCA N-, A- and P-domains. We also observed a transition
from an open to a closed headpiece conformation over the course of a 400 ns
trajectory. Intermediate structures sampled during the open-to-closed transition
were long lived, with >50 ns dwell times observed for each conformation. We
observed well-resolved peaks in a histogram of calculated domain separation
distances, consistent with saltatory transitions between discrete conformational
substates. The open-to-closed conformational transition was mediated in part
by an initial interaction of an N-domain loop (Nbeta5-beta6, residues 426-436) that formed dynamic H-bonds with residues 133-139 of the A-domain.
The propensity for domain closure was increased by pre-alignment of
H-bonding residues and decreased by mutation of these residues to Ala. Overall
the data suggest that N-domain loop residues are particularly important for
mediating the transition through several novel structural substates during the
closure of the SERCA cytoplasmic headpiece.
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Previous studies have suggested that the cardiac calcium ATPase (SERCA) can
form homo-dimers. To investigate this in heterologous cells, we fused Cerulean
(Cer) or yellow fluorescent protein (YFP) to the N-terminus of canine
SERCA2a. We measured 18% maximum fluorescence resonance energy trans-
fer (FRET) from Cer-SERCA to YFP-SERCA, indicating an interaction be-
tween SERCA protomers. To determine whether the measured FRET was
specific, we co-transfected cells with unlabeled SERCA to compete for binding
with Cer-SERCA and YFP-SERCA. FRET progressively decreased with
increasing molar ratios of unlabeled competitor SERCA to a minimum of
5%. Competition with increasing molar ratios of unlabeled phospholamban
(PLB) did not reduce the measured FRET or the apparent affinity of the SERCA
dimer. In order to determine whether PLB phosphorylation status altered
SERCA dimerization, we enhanced phosphorylation of PLB at serine 16 by fos-
kolin or using a phosphomimetic PLB (S16E). This did not alter the maximum
FRET or the apparent affinity of the SERCA protomers for each other. Addi-
tionally, the apparent affinity was unchanged with various concentrations of
cytosolic calcium or ATP, or in the presence of the SERCA inhibitor, thapsigar-
gin. SERCA dimerization was also suggested by co-immunoprecipitation ex-
periments in cells co-transfected with YFP-SERCA and myc-tagged SERCA.
Immunoprecipitation with an anti-mycTag antibody co-immunoprecipitated
YFP-SERCA, as detected by western blot. To analyze SERCA dimerization
in cardiac myocytes, we used benzophenone-4-maleimide crosslinking. Rabbit
left ventricular myocytes were isolated and permeabilized in the presence of
crosslinker. Western blot analysis revealed two bands: the first at approxi-
mately 110 kD, consistent with monomeric SERCA, and the second at approx-
imately 200 kD, a value compatible with the predicted molecular weight of a
homo-dimer. Our data suggest that SERCA2a forms obligate homo-dimers in
live cells, including cardiac myocytes. We have not determined a regulatory
component for this interaction.
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Membrane transporters regulate multiple physiological processes including the
pumping of ions, peptides and other metabolites such as neurotransmitters.
Despite plethora of information available on transmembrane transporters, the
possibility that transporters like all other enzymes studied to date display static
and dynamic fluctuations in activity remains open. Importantly we currently
ignore the impact such fluctuation have on the critical issue of pumping stoichi-
ometry and therefore pumping efficiency. For example, several studies on
P-type ATPases suggest substantially less amount of cations being transported
to ATP hydrolyzed, possibly due to uncoupling of ATP-hydrolysis from cation
transport during resting state.(1,2)
Here, we present results from our ongoing investigation on time-resolved
recording of single transporter events, using surface-based arrays of proteolipo-
somes.(3-5) Our single molecule studies have revealed fluctuations (on/off
states) in the activity the P-type Hþ-ATPases-2 from Arabidopsis thaliana
(AHA2). Insights from these on and off activity states for proton transporter
will be used to estimate the true proton to ATP stoichiometry. Preliminary ex-
periments were also performed to understand the role of the regulatory domain
that is thought to be critical in coupling hydrolysis to proton coupling.(6)
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